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A STUDY OF THE FUNDAMENTAL FACTORS THAT AFFECT SEAM STRENGTH 
ABSTRACT 


In this investigation, 27 cotton fabrics of various weights and 
constructions were used as samples. The fabrics were tested for thread 
count, thickness, and tensile strength by the standard methods as 
described by the government specifications for textiles. In order to 
determine the stiffness of the fabrics, Pierce's cantilever bending 
method was used. From the bending length, the bending modulus was 
computed and it was this figure that was used as a measure of the 
stiffness of the fabric. 

Seams were made from these fabric samples and they were all 
sewed under the same conditions, that is, the speed of the sewing 
machine, the sewing thread size, the sewing machine needle size, 
the stitches per inch, and the tension of the sewing thread were 
the same for all samples. Each sample was then tested for Seam 
strength, yarn severance, and seam resistance to slippage. These 
tests were performed in a manner similar to the methods described in 
the government speicificationsfor textiles. Seam efficiency was com- 
puted from the seam strength data. 

In addition, another method for determining the sewing machine 
needle damage was developed. The decrease in tensile strength of the 
fabric, because of the needle damage, was determined and this figure 
divided by the original tensile strength of the fabric was expressed 


as a percentage. This calculation was defined as sewing machine 





viii 
damage and was used through the study as the measure of needle damage. 

From the experimental data, linear correlations were computed 
between seam efficiency and each of the three variable factors, namely, 
sewing machine damage, seam resistance to slippage, and stiffness as 
measured by the bending modulus. Multiple correlation was computed 
between seam efficiency and these three factors, afterwhich the inter- 
correlations between these three factors were also computed. 

From the significant results obtained from the correlation 
computations, it was concluded that sewing machine damage, seam re- 
sistance to slippage, and stiffness of the fabric as measured by the 
bending modulus, individually affect the seam strength. Also, the 
combination of these three factors affect the seam strength. Finally, 
threr is a large amount of intercorrelation between these three fac- 
tors, that is, a change in any one factor will probably result in a 


change in the other two factors. 








INTRODUCTION 


Practically all the cloth produced in this country eventually 
ends up in a sewing room for further processing so that it can be 
formed into a saleable and useful product. Except in rare cases, there 
is a large gap between the companies producing the cloth and those 
fabricating or sewing the cloth. This gap is emphasized first, by the 
physical separation of the textile mill and sewing rooms; secondly, by 
the specialized technical knowledge required in a textile mill which 
varies considerably from that required in a sewing room; and finally, by 
the general make up which includes such items as size and financial worth 
of the industry. 

Apparently, this situation also exists in other countries. At 
the recent annual conference of the Textile Institute in England, during 
the discussion period on L. H. Scott's paper," Dr. Ho A. Thomas stated, 

It was most important that the fabric development people, sewing 

thread and sewing machine manufactures should co-operate. This was 
one of the most important recent developments and the Institute 
should interest itself in this subject as a new branch of textile 
technology.» 


Because of this apparent gap, each respective industry is not 


completely cognizant of the entire problem and the sewability or seaming 


1. Scott L. H., "Some Problems Relating to Sewing", Journal of 
the Textile Institute, 42(1951). 653-660. 





property of a fabric is generally disregarded. The textile mill pro- 
duces a fabric with a certain appearance, hand, and finish, The sewing 
room orders this fabric, only to ascertain after the fabric is in pro- 
duction, that it has poor sewability and seam strength. Because of this; 
production flow is interrupted and the finished product does not meet 

the required specifications. 

It is the intention of this thesis to study, by use of the seam 
strength method, some of the physical properties of the fabric which 
determine the sewability so that this information can be utilized by 
both the textile mills and the sewing rooms and thereby aid in partially 


bridging the gap between them. 








Importance of problem of seam strength:--The importance of the problem of 
seam strength varies directly with the end use of the product. The wo- 
men's dress industry is completely indifferent to this problem of seam 
strength and the reason for this apathy is reflected in the method used by 
women to purchse their dresses. There is no argument that style per- 
vades all other factors in the women's dress industry. If a woman could 
purchase a dress which is styled to suit her fancy, a few broken seams 
are of no importance. Therefore, it is not very uncommon for a woman to 
purchase a fairly high priced dress and then bring it home and mend the 
broken seams. Along these lines, it is also argued that a broken seam 
only requires a few minutes time to repair, therefore the seams in a 
dress are unimportant, With a philosophy such as this, the women's 

dress industry can afford to completely neglect the problem of seam 
strength. 

Now, to consider a viewpoint that is on the extreme opposite end 
of the scale to that of the women's dress industry, namely, the use of 
industrial fabrics.” The life of many industrial products made from 
fabrics, such as belts, awnings, and bags, is directly dependent upon 
the life of the seam. In our present day competitive market, the product 
with the longest life will aid in a reduction of cost and because of this 
reduction, the product is more desirable. To the user of industrial pro- 


ducts made of fabric, the seam strength problem is of extreme importance. 


2. Haven, George B., Industrial Fabrics. Revised and Enlarged 
Edition. New York: Wellington Sears Company, 1949. p. 214. 
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The U.S. Military departments are vitally interested in the 
problem of seam strength and have released reports on this subject. 
In addition to the ideology of obtaining the best available for the 
men in service, there are items of military equipage and clothing 
where it is an absolute necessity that the seam function properly 
throughout the life of the item. An example of this is impregnated 
clothing which is worn as protection against gas attacks. The danger 

of a broken seam on this type of clothing is obvious. Parachutes are 
another example where seam strength displays its importance. Still 
another example is tentage. The life of a tent is directly proportion- 
ate to the strength of the seams. Thus, as mentioned previously, the 

end use of a product determines the importance of seam strength and it 

is apparent from some of the examples cited above, that research work 
along the lines of improving seam strength has become a necessity. 

A study of the factors that affect seam strength is an important 
problem because its ultimate goal will aid the textile mill and sewing 
rooms to produce a product with the desired appearance, hand, and finish, 
and in which the seams will function properly throughout the life of 


the product. 





3. Frederick, Edward B, and L, Virginia Hanley, Study of Sewabilit 
Tests. Unpublished Research Report, Office of Quartermaster General, Re- 
search and Development Branch, 1948. p. 17. 








Definitions:-- The following terms used throughout this thesis are 


defined as follows: 


Bending Length - Bending Length is the measurement of stiffness 
that determines the length of the fabric that will bend under its own 
weight to a definite extent, 

Bending Modulus - The bending modulus equals 120/d? where G 
is the flexural rigidity and d the thickness of the sample. In cotton 
fabrics it may be regarded as a measure of compactness and is mainly 
dependent on the degree of adhesion of the fibers and thread. 


3 


Flexural Rigidity - Flexural rigidity equals w x c^, where w is 
the weight of the fabric in ounces per square yard and c equals the 
bending length. The flexural rigidity is a measure of stiffness as 
appreciated by the fingers. 

Loop Strength - Loop Strength refers to the force acting upon 
the loop of thread at the time of failure and is measured by looping 
one length of thread inside another. 

Resistance to Slippage - Resistance to slippage is defined as the 
pounds of pull across a seam per inch of width necessary to produce a 
specified elongation, in inches, in excess of the normal stretch of the 
fabric under the same load. 

Seam ~ A seam consists of a series of stitches joining two or 


more plies of a material or materials. A seam is used for joining or 


assembling materials in the production of an article. 
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Seam Efficiency = Seam efficiency is defined as a percentage fig- 


ure and is equal to 


Seam Strength in pounds E iGo 


Tensile Strength in pounds 


Seam Strength - The seam strength of a sample refers to the force 
acting upon a seam, at the time of fabric failure along the line of 
needle penetration. 

Sewability - A fabric is considered sewable when a seam can be 
made of the fabric and this seam will display a high seam efficiency. 

It also connotates a fabric which can be seamed without causing undue 
sewing thread breakage. 


Sewing Machine Damage - Sewing machine damage equals 


Tensile Strength of Fabric minus Tensile Strength of Fabric 


After Needle Damage x 100 
Tensile Strength of Fabric 


Stitch = A stitch is the unit of thread formation in the produc- 
tion of seams and stitching. 

Stitching - Stitching consists of a series of stitches embodied 
in a material for ornamental purposes or for finishing an edge or for 
both. 

Tensile Strength - The tensile strength of a sample refers to the 


force acting upon the sample at the time of failure. 
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Yarn Severance - Yarn severance equals 


Number of Completely Severed Yarns Within a 
Predetermined Length x 100 
Total Number of Yarns Within the Predetermined 


Length 








Method of attack:-- In this investigation, 27 cotton fabrics of various 
weights and constructions were used as samples. 

Ihe fabrics were tested for thread count, thickness, stiffness, 
and tensile strength. Seams were made from these fabrics and all the 
seams were made under the same conditions, that is, the speed of the 
Sewing machine, the sewing thread size, the sewing machine needle size, 
the stitches per inch, and the tension of the sewing thread were the 
same for all the samples. Each sample was then tested for seam strength, 
yarn severance, sewing machine damage, and for seam resistance to slip- 
page. Seam efficiencies were computed from the seam strength data. 

In addition to the above tests, some samples were run using a 
different sewing thread with all other conditions the same. This was 
performed in order to observe if there was a possible method for deter- 
mining the maximum load that the sewing thread could take if the loop 
strength of the thread was known. 

Upon accumulation of all the data, a multiple correlation index 
was computed between the seam efficiency and the sewing machine damage, 
the stiffness, and the seam resistance to slippage. Also, linear corre- 
lation was computed to determine the intercorrelation between the fabric 
properties mentioned above, A high correlation between any fabric pro- 
perty and seam efficiency indicates quantitatively the affect that the 


fabric property has on seam strength. 
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LITERATURE AND SURVEY OF PREVIOUS WORK 


There is practically no literature on the subject of seam 
strength. However, there are a few large thread companies and sewing 
machine manufacturers engaged in research on this subject. The author 
was permitted to visit some of these companies and observe their methods 
and approach to this problem. These companies are pioneers in this 
field and have accomplished a great deal of intensive work on this sub- 
ject of sewability. 

One of the thread companies offers a customer service whereby 
they determine empirically the best thread combination to be used for 
any particular fabric seam, This particular company is responsible for 
some of the first studies on the problem of seam strength. 

One of the sewing machine manufactures also aids their customers 
in acheiving better sewability regardless of the inherent fabric prop- 
erties. They accomplish these results by ingenious devices and special 
sewing machine attachments. In addition, they are working on an im- 
proved design for the sewing machine needle with the intention of im- 


proving the sewability of any fabric. 
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To 
EXPERIMENTAL PROCEDURE 


Twenty-seven different cotton fabrics having different finishes 
and construction were obtained from the Lanett Bleachery and Dye Works 
and the Dan River Corporation. Plain, Corded, Oxford, Drill, Twill, 
Poplin, and Duck weaves were used, and the fabrics were finished in 
various ways such as mercerized, sanforized, Zelan treated, starched, 
resin treated, and printed. 

Design and Finish - The design and finish of each of the fabrics 
are listed on Table XI. 


Tr ces 


- The thread count was determined by the use of a 
pick glass, The sample was laid smoothly and without tension on a flat 
table. The actual number of warp yarns and filling yarns in one inch 
were counted at five different places in the cloth and the average num- 
ber of yarns per inch in the warp and filling direction respectively 
were calculated. The results are listed on Table XI. 

Thickness? ~ The thickness of the fabric was determined by the 
Randall and Stickney gauge. This gauge was the dead weight type and is 
equipped with a dial graduated to read directly to .001 inch. The 
sample was placed upon the anvil of the gauge, smoothly but without 


tension. The presser foot was lowered upon the specimen gradually; 





4. General Specification: Test Methods for Textiles, CCC-T-191b, 
Washington, D.C.: United States Government Printing Office, 1951. The 


method used is approximately that of Method 5050 in this publication. 


5. Ibid., The method used is approximately that of Method 5030. 
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and without impact. It was allowed to rest upon it for ten seconds and 
the dial reading taken to the nearest .O0COl inch. No measurement was 
taken within one-tenth of the width of the fabric from either edge and 
five tests were taken from each sample. The thickness of the sample is 
the average of the five tests and the results are listed in Table XI. 
Weight of Fabric - The weight of the fabric in ounces was deter- 
mined by use of an analytical balance weighing accurately to .O0l gram, 
Each specimen was a piece three inch square of cloth. The specimen was 
weighed, while under standard conditions, on the analytical balance and 
the results of three specimens per inch fabric were averaged. The 
average obtained was in grams per nine square inches and in order to 
convert the units to ounces per square yard, the following formula was 


mead :° 


g - 42:71 x C' 
9 


where S œ weight per unit area (ounces per square year), 
G'= weight of specimen at standard regain in grams. The results 


are listed in Table XI. 

Tensile Strength and Seam Strength’ - To determine the tensile 
strength and the seam strength of the fabrics, a Scott Model J-2 tensile 
strength machine was used with the autographic recording device. The 
face of the jaws of each clamp measured one inch by three inches and the 


distance between the clamps was three inches at the start of the test. 


6, Skinkle, John H., Textile Testing. 2nd ed. New York: Chemical 
Publishing Company, 1949, p. 78. 


7. General Specification: Test Methods for Textiles, CCC-T-191b, 
Washington, D.C., United States Government Printing Office, 1951. The 


method used is opproximately that of Method 5110. 
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A piece of fabric, approximately 20 in. by 48 in. with the long 
dimension parallel to the warp, was cut into two strips of 12 in. by 
4S in: and" 8 in: by 8 ππ. 

The two strips were then joined together warpwise by means of a 
properly formed 30l stitch and seam type ssa-1° (See Figure I). This 
type of stitch is formed by two threads. A loop of one thread is passed 
through the fabric where it is entered by the other thread. The loop 
of the first thread is drawn into the material to the extent that the 
concatenation is approximately halfway between the two surfaces of the 
material. This operation is repeated to form a sequence of stitches. 

To prepare this seam, a Singer Sewing Machine Model No. 241-11 was used 
operating at approximately 4800 revolutions per minute. A Singer 88 

by 9 class needle was used, size 22, and each sample was sewed with 

12 stitches per inch. Care was taken that when the two strips were 
placed together for sewing, they occupied as nearly as possible the same 
relative position as in the uncut 20 in. by 48 in. piece. 

The top thread used in the sewing was a 24/4 ply glazed finish 
and the bottom thread was a 24/4 ply soft finish thread. The tension on 
the sewing thread was sufficient to form a firm stitch, The distribu- 
tion of thread in the seam was 40 per cent by length, upper thread, and 
60 per cent, lower thread, and the sewing was performed at the full 
speed of the machine. Lines parallel to the filling yarn and perpendi- 
culat to the seam were drawn across the seamed piece at four inch inter- 
vals starting six inches from the edge where the sewing of the seam 


was started, 

8. Federal Specification for Stitches, Seams, and Stitching, DDD- 
5-751. Washington, D.C.: United States Government Printing Office, 1935, 
Dereon Det zs 
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SKETCH OF THE 301 STITCH AND SEAN TYPE SSa-l. 


FIGURE I 
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This procedure involved two breaking strength determinations 
which were made in pairs on the same one inch set of filling yarns. The 
vertical lines drawn on the specimens were used as guides. The free 
portion of the 12 inch strip was placed in the clamps of the Scott Ten- 
sile Strength machine, lining up the guide marks with the vertical edge 
of the front jaws in the top and bottom clamps. The specimen was then 
securely fastened by tightening the jaws, and the result read from the 
chart on the autographic recorder. 

The jaws of the machine were then loosened and the specimen moved 
upward along the same filling threads until the seam was midway between 
the clamps perpendicular to the direction of the application of the load. 
Care was taken in placing of the specimen seam in the testing position to 
exclude from the test that portion of cloth that had been held in the 
jaws of the machine when determining the fillingwise strength. The 
guide marks of the specimen were again aligned with the same vertical 
edge of the jawsin both clamps as in the previous determination. The 
Specimen was then securely fastened, the break made, and ihe result 
read from the chart on the autographic recorder. Only those tests where 
the failure of the seam occurred at the line of needle penetration (in- 
cluding slippage) were considered. 

Five tests were made for each sample, that is five tests on the 
fabric tensile strength fillingwise, and five tests on the seam strength 
fillingwise, and the results averaged. 

The entire procedure was repeated in the warp direction. 

Table XII lists the test results on fabric tensile strength 


fillingwise. 
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Table XIII lists the test results on fabric tensile strength 
warpwise. 

Table XIV lists the test results on the seam strength fillinegwise. 

Table XV lists the test results on the seam strength warpwise. 

oeam Efficiency - Ihefabric sewability or seam efficiency was 


calculated as follows: 


Seam efficiency = Seam Strength (1bs. ) X 100 


Tensile Strength (lbs.) 


This calculation was made warpwise and fillingwise and the results are 
listed in Table II. 

Yarn Severance Method” - Upon completion of the tests described 
above, five three inch portions were cut from the seam and the row of 
sewing thread removed. No specimens were taken from within six inches 
of the end of the seam where the sewing operation was started. The 
bottom layer of fabric was used for the determination. 

The edge of the fabric was cut to within one-eighth inch of the 
row of stitching. The middle one inch of each of the specimens were then 
cut out and the warp yarns removed by use of a pick needle to a point 
slightly below the stitching. The number of completely severed yarns 
were then counted and the number of warp yarns severed were counted as 
they were removed. 

The five tests of each specimen were then averaged. This was 


accomplished in the warp and filling directions. 





9. General Specification: Test Methods for Textiles, CCC-T-191b. 
Washington, D,C.: United States Government Printing Office, 1951. The 


method used is approximately that of Method 5400. 
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Figure 2 is a photomicrograph depicting the damage caused to a 
fabric by the sewing machine needle. 

Figure 3 is a photomicrograph depicting a fabric undamaged by 
the sewing machine needle. 

Table XVI lists the number of yarn severed in the seam sewed 
perpendicular to the warp. 

Table XVII lists the number of yarn severed in the seam sewed 
perpendicular to the filling. 

Yarn severance was calculated as follows: 

no, of yarns severed x 100 

no. of yarns per inch 
This calculation was performed both in the warp and filling direction 
for the seams sewed perpendicular to the warp and the filling. 

Table XVIII lists the yarn severance for the seam perpendicular to 
the filling and for the seam perpendicular to the warp. 

Seam Slippage - In performing the tensile strength and seam 
strength tests described above, the autographic recorder was used. Load 
elongation curves for the fabric and the fabric-plus-seam for each speci- 
men were plotted on the same coordinates and started from the same ori- 
gin. 

Figure IV is a typical example of the appearance of a set of 
curves for one test. Five sets of similar curves were prepared for each 
sample, fillingwise. 

A pair of dividers were then set at one-quarter inch and with one 
point on the fabric curve, proceeded up this curve until the other point 


rested on the load elongation curve for the  fabric-plus-seam with both 








27 


x Ha φ 
T "n. mel τ 5 
A a = 


MV arm oes 
LM " T3 i we { `» | 


PHOTOMICROGRAPH OF THE FABRIC DAMAGE DUE TO SEWING MACHINE 
NEEDLE (22x) 





Figure 2 
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Photomicrograph of Fabric Undamaged by Sewing Machine Needle (22x) 


Figure 3 
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FIGURE IV 
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points resting on the same vertical ordinate. The force in pounds at 
this position is that necessary to produce a slippage of one-fourth inch 
on one inch of fabric width. This figure was termed resistance to slip- 
page and five readings were made on each sample and averaged. This test 
was only performed on the warpwise seam. Table XIX lists the results of 
this test. a 

Figure V is a photograph indicating the appearance of a seam where 
the resistance to slippage was low and a distortion of the fabric yarn 
adjacent to the seam line is observed. 

Figure VI is a photograph indicating the appearance of a seam 
where the resistance to slippage was high and there is practically no 
distortion adjacent to the seam line. 

Sewing Machine Damage - To determine the sewing machine damage by 
another method, a piece of fabric approximately sixteen by thirty-six 
inches, with the long deminsion parallel to the warp, was cut in the warp 
direction into two strips each eight by thirty-six inches. The two strips 
were then joined together warpwise by means of a properly formed 301 
stitch and seam type ES (See Figure I). However, in this case, the 
seam was made to run down the center of the fabric. A Singer Sewing 
Machine Model No. 241-11 was used operating at approximately 4800 revolu- 
tions per minute. A Singer 88 by 9 class needle was used, size 22, and 
each sample was sewed with thirteen stitches per inch. The top thread 
used in the sewing was a 24/4 ply glazed finish and the bottom thread 


was a 24/4 ply soft finish. The tension on the sewing thread was suf- 


: 10. Federal Specification for Stitches, Seams, and Stitching, 
DDD-S-751. Washington, D.C.: United States Government Printing Office, 


1925, p. 35, p. 27. 
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ficient to form a firm stitch. The destribution of thread in the seam 
was ¿Oper cent by length, upper thread, and 60 per cent lower thread. 
The sewing was performed at the full speed of the machine. 

The specimen was cut into five four inch panels starting six 
inches from the edge where the sewing of the seam was started. Then, 
the row of sewing thread was removed. Each specimen, top and bottom 
layer, was then tested for its tensile strength in accordance with the 
grab method. The face of the jaws of each clamp measured one inch by 
three inches and the distance between the clamps was three inches at 
the start of the test. Care was taken that the line of needle penetra- 
tion was midway between the clamps perpendicular to the direction of the 
application of the load. Only those tests where the rupture occured at 
the line of needle penetration were considered. Five tests on each 
specimen, top and bottom layer, were averaged. 

Similar tests were made on the fillingwise seam. 

Table XX lists the results of these tests, warpwise, on both top 
and bottom layer. 

Table XXI lists the results of these tests, fillingwise, on both 
top and bottom layer. 

Sewing machine damage was computed as follows: 


Tensile Strength of Cloth - Tensile Strength after Fabric 
Damage by Sewing Machine Needle X 100 





Tensile Strength of Cloth 


The results of this calculation are listed on Table XXII. 
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Stiffness!l - The stiffness of the fabric was tested by the 
cantilever bending method (Pierce Formula) A photograph of the 
apparatus used in this test is shown in Figure VII. 

The specimen was a rectangular strip of fabric six inches by one 
inch with the long dimension parallel to the yarns to be tested. The 
Specimen was accurately cut from a smooth area in the fabric which had 
not been previously folded or in any manner deformed. Five specimens 
were cut with the long dimension parallel to the warp and five specimens 
were cut with the long dimension parallel to the filling. 

The testing apparatus was level and placed at eye height. Then, 
the specimen was placed lengthwise in the clamp so that the free end 
of the specimen was exactly even with the front end of the clamp. Both 
face and back surfaces were tested in warp and filling direction. 

With the specimen inserted, the clamp was placed on the stand so 
that the reference line on the clamp exactly coincided with the zero 
point on the ruler. The clamp together with the specimen was moved 
Slowly along the platform against the ruler until the free end of the 
specimen dropped to the 43° surface slope. A reading was then taken 
from the mounted ruler and this reading was the bending length of the 
Specimen, With the long dimension parallel to the warp, five readings 
with the face up and five readings with back up were averaged. The 
results are listed in Table XXIII. The procedure was repeated for the 


filling yarn and the results are listed in Table XXIV. 


ll. General Specification: Test Methods for Textiles, CCC-T-191b. 
Washington, D.C.: United States Government Printing Office, 1951. The 
method used is approximately that of Method 5206. 


12. Pierce,F.F, "Handle of Cloth as a Measurable Quantity", 
Journal of Textile Institute, 21(1930). 377-416. 














PHOTOGRAPH OF THE STIFFNESS TESTER 


Figure 7 
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Stiffness-in-any-directionl? - After measuring the value of the 
oending length in the warp and filling direction, the geometric mean was 
used to compute the stiffness-in-any-direction. The formula used in this 
computation was as follows: 


Stiffness-in-any-direction = C 0, 


Where C4 is the bending length in the warp direction and > is the 
bending length in the filling direction .** 
Table IV lists the results of the stiffness-in-any-direction 

computation. 
Flexural Rigidityl? - To compute the flexural rigidity, the follow- 
ing formula was used: 
α-πχο 


where G = flexural rigidity 


W = Weight of fabric in ounces per square yard 


C = Stiffness-in-any-direction 


pe 


Table IV lists the results of flexural rigidity computations. 
Bach computation listed here should be multiplied by a constant multi- 
plier" 43225 x 10 4 in order to obtain the correct units of inch- 
pounds. However, since these figures are only to be used for comparative 


purposes, the (one half can be disregarded.) 


16 


Bending Modulus'  - To compute the bending modulus the following 





——— 





13. Wia., pe Zor. 


l4. Actually C, and C, are equal to one half of the bending length 
and are termed drape stiffness but for comparative purposes, the one half 
can be disregarded. 


3154 Locker, 
16. Ibid., po 402 








u 


formula was used: 





Where q = the bending modulus 


C 7 flexural rigüsdity 


d 


thickness of the sample 

Table IV lists the results of the bending modulus computation. 
Each bending modulus computation should be multiplied by a constant 
múltáplier .48225 x-10 2n drderEusUDisR nc πε 
However, since the figures are only to used for comparative pur- 
poses, the constant multiplier can be disregarded. 

Tensile Strength of Sewing Thread - Single Strand?” - The Al- 
fred Suter Single Strand Tester was used for this test and the standard 
single end sewing thread test was performed. 

Forty tests were made on the 24/4 glazed finish sewing thread 
and forty tests' were made on the 24/4 soft finish sewing thread. The 
results of these tests were averaged. Table XXV lists the results of 
these tests. 

Loop Strength - The same apparatus and procedure as described 
above was used in the loop strength test method. However, instead of 
placing a single end in the clamp, a loop of the thread was made and 
placed in one clamp and another loop formed inside the former loop was 
pla ced in the other clamp. Forty tests were made for a loop formed 
from the 24/4 ply soft thread and the results averaged. Forty tests 


17. General Specification: Test Methods for Textiles, CCC-T- 
191b. Washington, D.C.: United States Government Printing Office, 


1951. The method used is approximately that of Method 4230. 
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were also made from a loop formed by using one end each 24/4 soft and 
24/4 glazed finish thread. The results of these tests are listed in 
Table XXV. 

Sewing Thread Load - Inasmuch as the warpwise strengths of the 
fabrics used were large, the thread broke before the seam did in fif- 
teen cases. The results of these tests are listed in Table XV. Also, 
ten fabrics were sewed exactly as described previously except that a 
24/4 soft finish thread was used in the upper, in lieu of 24/4 glazed 
finish. In these ten tests, the thread also broke prior to the seam 
and the results of these tests are listed in Table XXVI. These tests 
were made in order to obtain an indication of the possibility of de- 
termining the sewing thread maximum load when the loop strength of 
the thread is known. Also, it is thought that this information will 
ultimately lead to a method for determining the thread size for any 
Specified seam strength. 

It should be noted that in some tests, ten specimens were 
tested in lieu of five. The reason for this doubled amount was due 


to a large variation of the results for the particular sample. 








IV 
RESULTS OF EXPERIMENTAL WORK 


From the experimental data, the properties of the fabric that 
affect seam strength were determined. The approach to this portion of 
the problem was to calculate linear and multiple correlations between 
the fabric properties and seam efficiency. 

Table I lists the tensile strength and seam strength, filling- 
wise and warpwise, for each sample. The individual data for these tests 
may be found in Tables XII, XIII, XIV, and XV of the Appendix of this 
report. 

Table II lists the seam efficiency, fillingwise and warpwise, for 
each sample. Seam efficiency was computed from the tensile and seam 
strength data listed in Table I. 

Table III lists the yarn severance and sewing machine damage, 
fillingwise and warpwise, for each sample. The individual data for 
these tests may be found in Tables XVI, XVII, XVIII, XX, XXI, and XXII 
of the Appendix of this report. 

Table IV lists the stiffness-in-any-direction, flexural rigid- 
ity, and bending modulus for each sample. The individual data for these 
tests may be found in Tables XXIII and XXIV of the Appendix of this 
report. 

Table V lists the seam resistance to slippage, fillingwise for 
each sample. The individual data of the tests may be found in Table 


XIX of the Appendix of this report. 
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Table VI lists the seam load of the samples where the sewing 
thread broke prior to the fabric. The seams recorded here were made 
by two methods, namely, where the upper thread was 24/4 ply glazed, 
lower thread, 24/4 ply soft; and where both the upper and lower thread 
were 24/4 ply soft. The data for these tests may be found in Tables XV 
and XXVI. 

These six tables mentioned above summarize the data on which fur- 
ther calculations were made. However, inasmuch as the warpwise strengths 
of most of the fabrics were so large, the seam efficiency could not be 
computed because the thread oroke prior to the fabric rupture. Therefore, 
in practically all cases, the statistical computations were made on the 
fillingwise data. 

The formula used for computing the linear correlation was as 


follows: 
XY - NMM 
x 


ν.ι.......1 


r 二 





2 2 [ 2 
ZX - NM " $Y NM 2 


where x and y are the variables 


Ty = Coefficient of linear correlation between x and y 


N 


Number of samples 


Mean of the x variable 


Mx 


My Mean of the Y variable 


This computation was made between seam efficiency and sewing machine 
18 ; 
damage, stiffness”, yarn severance, and seam resistance to slippage. 


Also, this computation was made between sewing machine damage and yarn 

18. As a measure of stiffness, the bending modulus was used. All 
the stiffness measures were tested and the best correlation was obtained 
between seam efficiency and bending modulus. 








QU 


severance. Table VII includes these computations and results. 

In addition to the above, intercorrelations were calculated 
between the bending modulus and sewing machine damage, seam resistance 
to slippage and sewing machine damage, and seam resistance to slippage 
and bending modulus, Table VIII includes these computations and results. 

Table IX is a table of the correlations and the intercorrelations 
between the different variables, 

After the linear correlations were computed and intercorrelations 
determined, the next step was to determine the multiple correlation be- 
tween the four variables namely seam efficiency, seam resistance to slip- 
page, sewing machine damage, and stiffness. The formula used for this 


computation was 
R =A/1- d y-xas 
y (xyqys ) á^y 


in which R = the coefficient of multiple correlation 


y(x,a,s) 
Gy 


the standard deviation of the variable Y 


Oy + xqs = the variablilty left in variable Y when the 
varibility of x, q, and s is held constant 
through partial correlations. 

Table X shows the computation of this multiple correlation and the 


results thereof. 
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TABLE I 


AVERAGE RESULTS OF TENSILE AND SEAM STRENGTH 


Sample Number 


Ο Ο -οὉ Ον UMD y ΕΞ! 


* Thread broke prior to fabric. 


** Average of five tests. 


Warpwise Warpwise Fillingwise Fillingwise 
Tensile Strength Seam Strength Tensile Strength Seam Strength 
(1bs. ) (lbs. ) lbs. lbs. 
74.0 618 5 69.2 65.4 
Tio 628653 67.6 50565 
DS 505 59.2 Dre 
67.4 58.8 Ben 20.0 
1212510 68. 6% 89.1 66.7 
104.6 81,8: 49.8 29:7 
1208 78,8* 48.6 O 
13224 76.9% 84.6 64.8 
12502 67.1 90,5 64.6 
TIa T 652 43.1 33 
{571} MIS 23.6 36.7 
97.0 47.2 29.1 25.2 
6555 639 39 .| 43.8 
το” 67 .3* 474, 27.06 
81.9 63.1* 50.0 40.7 
125.0 "Tea 93.5 68.9 
7236 67.5* 40.9 36.5 
ju 73.6* 49.7 EE, 
10201 ο 89.2 DEMO 
90.7 58.4 26.2 19.2 
168.9 70.63 96.7 Gz 
69.9 5248 44.1 40.2 
132.0 7483 74.6 DUNS 
73.9 66.1 DUO 45.3 
rG 6 67.8% O3.» 55.8 
80,5 61.6 44.5 39.0 
118.8 69. 6% 8399 61.4 








Sample Number 


«OO 00-1209 Vn F-  [ 


TABLE II 


SEAM EFFICIENCY OF FABRICS TESTED 


ea 


* Thread broke prior to fabric. 


Typical Calculation: 


Therefore in sample number 1 - fillingwise 


65.4 
69.2 


e 190 — 94,5 


-9 
O N -1 EDDA E 
μι Q N o 


人 vvnO ~ 人 
9 9 9 9 9 9 


πε EA EO 


9 


-- 
NO 
e e o e 9 
ΟΞΩΝΛΜΟΛΝΟΧλσνλμῖιξ--1.ο ΟΛΩΝ ΟΦ-σνΦ--- O0 IN SO 09 Xn 


-ᾱ 
UJ 


67. 


ON N 
ον) 
9 ο 


DRG 
Q PEH 
e 9 


80.8 
87.6 
73.8 


2169.2 


Mean = 80.34 


= ~ Tensile Strength of Seam 
seam efficiency = x 
Tensile Strength of Fabric 
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100 
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TABLE III 
RESULTS OF TESTS FOR NEEDLE DAMAGE TO FABRIC 


Fillingwise 
Warpwise Warpwise Sewing Fillingwise Sewing 
Yarn Severance Machine Damage Yarn Severance Machine Nanage 


Sample Number (2) (4) (2) % 


1 0 Tal 2.93 02.1 
2 «23 19.2 LeLd 23.1 
3 0 O XD 1.9 
4 ony 12.9 3.32 14.3 
5 .22 0 0% oD 
6 O 0 8.96 17.7 
7 «97 0 2.16 9.3 
8 e 48 0 3.00 14.5 
9 0 0 2.68 22.1 
10 O 350 2.78 17.6 
EL 1.10 0 3.00 43.8 
12 O 7.1 4.74 τ. 
13 0 0 «24 0 
14 0 0 «3 0 
155 > 0 1.90 23.9 
16 O DS 217 8.3 
Jd 0 0 1.54 14.2 
18 «36 0 «34 «2 
19 0 O 2.20 BL. 2 
20 3859 2.3 3.08 17.6 
21 O 0 0 5.1 
22 0 O 2.58 8.6 
23 «28 1086 «22 2.1 
24 O 0 0 11.8 
25 Q 0 0 ΠΟ. ὁ 
26 «830 1009 3.08 21.8 
27 1.94 38.0 3.27 23.1 








TABLE IV 


RESULTS OF STIFFNESS TESTS 


Warp Times otiffness 

Filling in Any Flexural Bending 

Sample Number Bending Length Direction Rigidity Modulus 
l 3.90 1.98 41.90 2.29 
2 2770 11164 21.08 E 
3 3.42 1185 20.76 1.68 
2 ο. νη IA 64 20.95 deo] 
5 6.00 2875 172.28 94 
6 4.00 2.00 58 .24 3.18 
7 3.96 1.99 39.32 2202 
8 5.04 225 101.37 2.09 
9 4.20 2.05 Mob Peck 
10 4.09 2.02 44.00 3.06 
TL dud 1.80 33.76 2a 
12 6.35 P. 83432 Anab 
13 2.43 1.56 19.14 1905 
14 2.83 1.68 52.66 «23 
15 3.60 1.90 45.00 2.00 
16 5.63 2.29 129.87 1.95 
du 3. 1687 34.65 2. 4l 
18 3.60 1.90 59.13 1.44 
19 6.48 ο. 169.78 2.20 
20 7.67 eT 117.30 δα 
2l 4. 4l 2.10 04 ο) 

22 3352 1288 ou 13 2.37 « 
23 202 2.35 112227 ] 
24 3.08 1476 27.79 155 
25 3.61 1.90 63.66 le 
26 SN 2.80 159.05 5740 
27 6.00 List 1220.35 SO E 


Typical Calculation: 


Stiffness in any Direction = 


Warp Bending Length x Filling Bending Length 


Flexural Rigidity = Weight (ounces per square yard) 


x (Stiffness in any direction)? 


Bending modulus = l2 x flexural rigidit 
thickness 
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TABLE IV (Con't) 


Thus, for sample number 1: 
warp bending length = 2.05 
filling bending length = 1.90 


.'.Stiffness-in-any-direction - y 2,05 x 1.90 


一 1.98 


Since weight in ounces per square yard = 5.40 
Flexural rigidity = 5.40 x (1.98)? = 41.90 


ånd since the thickness = «Ο13 


Bending modulus = 12 x 41.90 -= 2.29 (times a constant multiplier) 


(.013)3 








TABLE V 


AVERAGE RESULTS OF SEAM RESISTANCE TO SLIPPAGE 


Sample Number Resistance to Slippage 
(1bs.) 
l 40 
2 T 
3 38 
4, 18 
5 22 
6 18 
Z 20 
8 19 
9 17 
10 23 
Jur 32 
12 24 
18 18 
14 23 
15 19 
16 30 
T7 20 
18 42 
19 12 
20 20 
2l 38 
22 35 
23 18 
24, 15 
25 E 
26 25 
27 35 


* The average of five tests. 
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TABLE VI 


AVERAGE RESULTS OF SEWING THREAD LOAD 


Seam Load-Upper Seam Load-Upper 
24/4 Glazed Thread | 24/4 Soft Thread 
Sample Number Lower 24/4 Soft Thread Sample Number Lower 24/4 Soft Thread 
(1bs.) (1bs.) 
5 68.6 5 5s 2 
6 Slee 9 61.9 
7 78.8 11 50.4 
8 76.9 14 , 53.9 
J Sul! T5 5551 
13 EDT 16 oe 
l4 S 17 60.2 
15 63.1 18 58.0 
16 74.3 25 SÓ 
18 73.6 27 59.6 
19 TSV 
21 70.6 Total δα. 
25 14.3 
25 67.8 Average 57.1 
27 69.6 


Total 1074.2 


Average 71.6 lbs. 


* The average of five tests. 
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TABLE VII 


CORRELATIONS BETWEEN SEAM EFFICIENCY 
AND FABRIC PROPERTIES 


CORRELATION BETWEEN SEAM EFFICIENCY AND SEWING MACHINE DAMAGE 
X - Sewing machine damage (Fillingwise) 


Y = Seam efficiency (Fillingwise) 


M = 19,452 
uy = 80.34 
£X^ - 4945.7 


£Y^ = 176,335.1 
ZXY -— 24,690.8 


= - φ = 2 e 
Ty 24,690.8 - 27(11.62)(80.34) 


Vke45.? - 27(11.623) [176,335.1 - 27(80.34)?) 
A 


CORRELATION BETWEEN SEAM EFFICIENCY AND BENDING MODULUS 


Q = Bending modulus 
Y = Seam efficiency (Fillingwise) 
Ma = 2,19 
τ = 80.34 
έᾳ- - 217.50 
£Y^ - 176,335.1 
£QY = 53,414.0 


= Ji a0 EN 2 2 80, 
Toy 53,414 7(2.49)(80.34) 


V [27.50 - 27(2.49)°) [176,335.1 - 27(80.34)*] 


= ο ας 8 
Toy = 49 
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TABLE VII (Cont'd) 


CORRELATION BETWEEN SEAM EFFICIENCY AND SBAM RESISTANCE TO SLIPPAGE 
S = Seam resistance to slippage (Fillingwise ) 


Y = Seam efficiency (Fillingwise) 


= 9 
M δις]. 
M = 80, 
34 


55? = 19,231.0 
SÍ” = 1965995.1. 


20 = 5572091 


τον 5 55,209.1 - 27(25.1)(80.34) 
19,321.0 - 27(25.1)^] [176,335.1 - 27(80.34)^ 
Poy = .356 


CORRELATION BETWEEN FILLINGWISE SEWING MACHINE DAMAGE AND YARN 


SEVERANGE 
X = Sewing machine damage 
F = Yarn severance 

M = 13 4909 

Me = 2,21 
ΣΕ -. 29.5.7 
£F* = 229.49 
¿FX = 924.37 


Lay F 924537. - 27(2:21) (0869) 


^V [1945.7 - 2701.62)*] [229.49 - 22.21)? 








TABLE VII (Cont'd) 


CORRELATION BETWEEN SEAM EFFICIENCY AND YAKN SEVERANCE 


Y = Seam efficiency (Fillingwise ) 
F = Yarn severance (Fillingwise) 
Er = 80.34 
Me = 2.21 

fY^ = 176,335.1 

£F^ - 229.49 

ΘΙ = @yore. 31 


Dey 7 4,674.31 - 27(2.21)(80.34) 
A/(276,335.1 - 27(80.34)*) P29.49 - 27(2.21)%) 


ey = — .266 
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TABLE VIII 


INTERCORRELATIONS BETWEEN FABRIC PROPERTIES 


CORRELATION BETWEEN BENDING MODULUS AND SEWING MACHINE DAMAGE 


X = Sewing machine damage (Fillingwise ) 
Q = Bending modulus 
M = 11362 
Mo, = 2.49 
£X? = 4945.7 
LQ = 217.50 
£XQ = 935.09 
Tax = 9 bait yl 27 2. 11.62 
"V (4945.7 - 27(11.62)°] (217.50 - 27(2.49)^] 
Gey = .603 


CORRELATION BETWEEN SEAN RESISTANCE TO SLIPPAGE AND SEWING MACHINE 


DAMAGE 
S = Seam resistance to slippage (Fillingwise ) 
X = Sewing machine damage (Fillingwise) 
Mo = 25.1 
M = 11.62 
ZS” = UG 
$SX = 71,398.3 
r= 7,298.3 - 27(28.1)(11.62 


3x 


\/ (19, 231.0 = 27(25.1)*] (4945.7 = 27(1.62)7] 


r = -——.280 
Sx 
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TABLE VIII (Cont'd) 


CORRELATION BETWEEN SEAM RESISTANCE TO SLIPPAGE AND BENDING MODULUS 


S = Seam resistance to slippage (Fillingwise) 
Q = Bending modulus 
M. = 25.1 
ES = 2.49 
£s* = 19,231.0 
£Q? = 217.50 
EQS = 1655.2 
Bee 1655.2 = 27 20490) (25.1 
2 2 
(19,231.0 - 27(25.1)^] [zv.50 - 27(241^] 
r 一 一 一 .0O97 


qs 








Seam Efficiency 
Sewing Machine Damage 


Bending Modulus 


TABLE IX 


SUMMARY OF CORRELATIONS 


Sewing Machine 


Damage 
——,.315 





Bending 


Modulus 


—.498 
. 603 


Seam 
Resistance 


to Slippage 
.356 
—— .280 


---. η 
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TABLE X 


MULTIPLE CORRELATION BETWEEN SEAN BFFICIENCY 
AND FABRIC PROPERTIES 


(D 

ct 

He 
It 


Seam efficiency (Fillingwise ) 


ρα 
ll 


Sewing machine damage (Fillingwise) 


Bending Modulus 


Q 
S = Seam resistance to slippage (Fillingwise) 
N 


H 


Number of samples 


= £y2 - 1765 3 35 L - 
y AJ N 27 80.8 


T - —,315 
一 .498 - (-.315)(.603) 


oT LENS B Vx - Casa) - (.603)^ 


Using the same formula as above, we obtain: 





Luc 0x7 «204 
Usa e. X > .094 
And since 
Tyg . XQ 7 Dan m ΝΕ 


E 


"T ‘vs : 
oince y 。XQs = Ἂν i Mk. - r ys ° xq 
y - xqs = 80.84/1 - (2.315) 有 - (.405) yı - (. 365)“ 


= 64.96 


Since r a Ji rd E A ME 
y(x,9,8) < 6523. 64, 
y 


k 
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DISCUSSION OF RESULTS 


Experimental results and calculations show that there is a 
definite relationship between seam strength (as measured by seam ef- 
ficiency) and the fabric properties, namely sewing machine damage, 
bending modulus (stiffness) and seam resistance to slippage. The signi- 
ficant multiple correlation of .595 gives the relationship between seam 
efficiency on one hand and the combination of the remaining variables 
on the other hand. 

Ihe significance of this jultiple correlation was tested against 
the null hypothesisl". Only once in twenty trial would a multiple 
correlation of .479 arise by sampling fluctuations and only once in 
100 trials would a multiple correlation of .574 occur o, Since the 
multiple correlation of .595 is larger than .574, therefore it is highly 
significant and it can be safely inferred from the results that seam 
strength is affected by the sewing machine damage, bending modulus 
(stiffness), and seam resistance to slippage. 

From Table VII, the relationship between each of the fabric pro- 
perties, individually, and the seam efficiency can be observed. These 
results indicate that as the bending modulus (stiffness) increases, seam 


efficiency decreases, (the linear correlation between these two variables 





19. Garrett, Henry E., Statistics in Psychology and Education. 
New York: Longmans, Green, and Company, 1947. p. 426. 


20. Ibid., p. 426-7. 
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equals —.498); as the sewing machine damage increases, the seam efficien- 
cy decreases, (the linear correlation between these two variables equals 
—.315); and, as the seam resistance to slippage increases, the seam 
efficiency increases, (the linear correlation between these two vari- 
ables equals .356). 

From Table IX, it was also observed that not only do the variables 
affect seam strength, but that there is a sizeable intercorrelation be- 
tween the variables. That is, if any one particular variable is changed, 
the chances are that the other variables will be affected. Thus, it can 
be safely inferred from the results that the variables, sewing machine 
damage, bending modulus (stiffness), and seam resistance to slippage 
affect the seam efficiency and are interrelated to one another. 

In Table VII it was shown that there was a significant corre- 
lation between yzrn severance and sewing machine damage. Although the 
yarn severance can be used as a measure of sewing machine damage, it is 
inaccurate compared to the method described herein for determining this 
damage. By the yarn severance method, only the yarns that have been com- 
pletely severed can be determined and the damaged yarns cannot be measured 
quantitatively. In addition, the yarn severance method does not consider, 
in calculating the damage, the severed warp yarns when the seam is made 
perpendicular to the filling or vice versa. The sewing machine damage 
method used in this investigation overcomes the above-mentioned diffi- 
culties and more accurate results are obtained. Even in lap seams or 


21 > 
Lsc-2 seam " a more accurate measure of sewing machine damage could be 





21. Federal Specification for Stitches Seams, and Stitching., 
DDD-5-751. Washington, D. ©., U.S. Government Printing Office, 1930. 


ὍΝ 28. 





obtained than by the use of the yarn severance method. To use the pro- 
posed method on a lap seam, four plies of the fabric could be sewed with 
a single needle machine and then the stitching removed threrfron. Each 
ply would be tested to determine the decrease in tensile strength because 
of the sewing machine damage. 

In the warprrise seam strength tests, the sewing thread broke 
prior to the fabric in fifteen samples. The same sean. strength test 
was repeated with all the conditions remaining the same except that a 
24/4 ply soft sewing thread was substituted for the 24/4 ply glazed 
sewing thread in the upper. Table VI lists the poundage required for 
these thread breaks. The interesting point about these two tests is 
that if the loop strength of the sewing thread combination is multiplied 
by a number two less than the number of stitches per inch, the average 
value of the sewing thread maximum load is obtained, approximately. For 
example, with a thread combination of 24/4 ply glazed in the upper and a 
24/4 ply soft in the lower, the average value of the sewing thread maxi- 
mum load is 71.6 pounds. The loop strength of this combination is 6.69 
pounds and thirteen stitches per inch were used. Therefore, 

11 x 6.69 = 73.6 pounds 

This result compares very favorably with the value 71.6 pounds as ob- 
tained by the seam strength method. 

In the other example where all conditions were the same except 
for the upper thread, the sewing thread maximum load was 57.1. The 
loop strength of this combination equals 5.60. Therefore, 

ll κ 5δεδὸ 5 δ 6 


This result also compares favorably with the sewing thread maximum load 
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of 57.1, determined by the seam strength method. 

Apparently, with only these few cases a formula cannot be pro- 
posed. However, the results warrant further investigation. This 
phenomenon could be used as a stepping stone for developing a simple 
method for determining the most efficient sewing thread size for a 
particular fabric. Perhaps by predicting the maximum load that any 
combination of threads would withstand, and knowing other properties of 
the fabric itself, it might be very possible to determine the proper 
thread size for any desired seam strength by a few simple tests. 

During the testing, many seam breaks were observed very carefully 
under a magnifying glass and the following theory for a seam break is 
offered: 

As a force is exerted on the seam, the sewing thread is extended 
and exerts on equal force on the yarns of the fabric. The sewing thread 
groups the yarn in the fabric and the number of yarns in the group de- 
pend upon the stitch size. As the force increases, the sewing thread 
increases its force on the yarn by an equal amount. Because of the 
force, however, the yarns are pulled by the stitch. At the same time, 
the force on the thread does not permit the yarn in the fabric running 
parallel to the seam to move with the other set of yarns. Thus, we 
have the distorting effect adjacent and parallel to the seam. After 
the load reaches a certain point, however, the sewing threads with the 
distorted yarn adjacent to the seam hold one end of the yarn and no 
longer permit the slippage. Thus, the situation reduces itself to the 
point where one end of the yarn is being held stationary and a force 


is applied to the other end. This situation soon causes the yarn 
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breaking or slipping apart. As this occurs, the same load is redis- 
tributed among the other ends and because of the excess load, they 
break. This continues until a complete seam break results. 

If, at any particular point when the load is being applied, the 
sewing thread maximum load point is reached, the sewing thread breaks 
prior to the seam. 

Also, if any yarn is damaged by the sewing machine, it does not 
carry its share of the load and the remaining yarns have to withstand 
an extra load immediately. Thus, the seam strength is reduced. 

From the above explanation, it would be expected that yarn 
severance and slippage of the yarns affect the seam strength. The 


results obtained in this study appear to verify this fact. 
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VI 


CONCLUSIONS 


From the results obtained in this study, it can be concluded 
that at least three factors, stiffness (as measured by the bending 
modulus), seam resistance to slippage, and sewing machine damage should 
be considered in producing a fabric with a high degree of seam efficien- 
cy. This conclusion is based on the following facts: 

l. There is à significant linear correlation index between seam 
efficiency and bending modulus, This correlation index shows definitely 
that the stiffness (as measured by the bending modulus) affects the seam 
strength of the fabric. 

2. There is a significant linear correlation index between seam 
efficiency and seam resistance to slippage. This correlation index 
also shows definitely that the seam strength of the fabric is directly 
related to the seam resistance to slippage. 

3. There is a significant linear correlation between sear ef- 
ficiency and sewing machine damage. This correlation index further shows 
that there is a definite relationship between seam strength and sewing 
machine damage. 

4. There is a significant intercorrelation index between the 
fabric properties, (stiffness, seam resistance to slippage, and sewing 
machine damage.) Thus, a change in any one of these factors will prob- 


ably change the other two factors which determine the seam efficiency. 








2. The multiple correlation between seam efficiency on one hand 
and the combination of the remaining variables on the other hand is 
highly significant and demonstrates the fact that all the three vari- 


ables together have a noted affect on seam strength. 
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va 
RECOMMENDATIONS FOR FURTHER STUDY 


Upon completion of this study of the factors affecting seam 
strength, many aspects of the problem were uncovered that require 
further investigation. The following items are recommended for study. 

l. A study, similar to this one, be undertaken. However, many 
more fabrics of varied constructions should be used so that the results 
observed herein could be substantiated on a larger scale. 

2. ln the determination of seam slippage, a more sensitive 
instrument than the autographic recorder should be used. A sensitive 
instrument with an enlarged graph could indicate at what point elonga- 
tion of the sewing thread ceases and slippage commences. Also, a more 
accurate quantitative measurement of slippage could be determined. A 
study along these lines would determine, in a very accurate manner, the 
exact part slippage plays in seam strength, 

3. A study to determine if the fabric properties which affect 
seam strength of two plies would also affect the seam strength of three 
or more plies of fabric. 

4. À study to determine if any other fabric properties affect 
seam strength to as large a degree as those mentioned in this work. 

5. À study to determine what processes in the textile mills, in- 
cluding the finishing plant, can be improved so that a fabric with 
good sewability will be produced and still retain the desired appear- 


ance, finish, and hand. 











6. A study to develop a practical formula for determining the 
most efficient sewing thread size for a seam of specified strength. 
though there are many apparent blocks, it is felt that an equation 


can be determined which would have wide practical usage. 


Al- 
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FILLINGWISE TENSILE STRENGTH 
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WARPWISE TENSILE STRENGTH 
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FILLINGWISE SEAM STRENGTH 
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NARPWISE SEAM STRENGTH 
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TABLE XVI 


NUMBER OF YARNS SEVERED IN SEAM PERPENDICULAR TO VARP 
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TABLE XVII 


NUMBER OF YARNS SEVERED IN SEAM PERPENDICULAR TO FILLING 
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2 0 0 
1 l O 
O iL 3 
1 2 2 


WN 


A PP. 


FHOwO0oooooo oro 
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Average 


i 


pap } 
BODNOMOODDnNO 








Sample Number 


0 00M 201 EU NH 
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TABLE XVIII 


YARN SEVERANCE 


Yarn Severance in Yarn Severance in 
Seam Perpendicular to Filling Seam Perpendicular to Warp 


Warp me Warp Filling 
(2) (2) (2) (2) 
O 2.93 O O 
» 26 4o44 23 1.39 
0 e3l 0 0 
727 335 029 0 
0 ο64 «22 0 
a44 SAS 0 0 
«28 2.07 E 0 
«ΘΔ 3.02 48 。 
„50 2.66 0 .33 
58 em O Ll 
«22 2.91 O 1.61 
«43 4074 O 0 
0 oak 0 0 
1.10 .82 0 0 
Lowe 1382 oe 0 
1.05 IET 0 2385 
0 1.62 0 O 
026 034 » 26 1.35 
043 2.35 0 ο 
o Ob, 3.08 Doo «4.32 
0 0 8 115 
0 2058 0 O 
028 => ο28 o 66 
O 0 0 0 
o43 0 0 0 
.80 3,08 .80 3.08 
1957 3027 1.94 1.09 








TABLE XIX 


FILLINGWISE SEAM RESISTANCE TO SLIPPAGE 





TESTS 
Sample Number 1 2 3 4 5 Average 
(1bs.)  (1bs.) ) (25. tee) (1bs.) 
E 30 40 45 45 40 40 
2 17 12 10 g 7 11 
3 45 39 35 38 53 38 
4 20 20 16 18 17 18 
5 25 20 25 20 19 28 
6 20 20 15 15 21 18 
7 20 20 25 19 18 20 
g 34 30 28 30 25 29 
9 gn 20 20 35 16 15 
10 25 20 25 25 18 23 
34. 30 35 32 32 30 32 
12 25 25 25 20 25 24 
13 20 10 15 25 18 18 
14 25 20 25 25 20 23 
35 20 20 20 20 15 19 
16 25 k 35 23 30 30 
17 15 25 25 15 19 20 
18 45 39 40 40 45 42 
19 6 7 15 15 15 12 
20 25 25 20 15 16 20 
2 40 37 25 42 38 38 
22 35 30 30 32 32 32 
23 25 15 15 20 15 18 
24 10 20 22 10 15 15 
gi 40 40 49 35 40 39 
26 20 25 25 30 E 29 
29 38 27 36 37 36 = 








Sample Number 


1 - Top 
Bottom 
2 - Top 
Bottom 
2 - Top 
Bottom 
4 = Top 
Bottom 
5 = Top 
Botton 
6 = Top 
Bottom 
v= Top 
Bottom 
8 - Top 
Botton 
G = Top 
Bottom 
10 - Top 
Bottom 
al = Top 
Bottom 
12 - Top 
Bottom 
13 - Top 
Bottom 
14 - Top 
Bottom 
15 - Top 


Bottom E 


16 - Top 
Bottom 
17 = Top 
Bottom 
18 - Top 
Botton 
19 - Top 
Bottom 
20 = Top 
Bottom 


TABLE XX 


WARPWISE TENSILE STRENGTH AFTER FABRIC DAMAGED 
BY SEWING MACHINE NEEDLE 


Fiy 
Ply 


E 


(dies, ) 


68.1 
66.5 
58.0 
66.7 
+ 


62.1 


3 


Ἂς 


ο 


ο ο 
NOD 


om (a IN 
x X D. OS ox ox pe VO ok ox ook Xe o Cy ὃς X OX 
NE 


129.6 


152387 
922 
91.2 

124.1 


119.4 


X x 


CO «O 
F2 xx k xxx 


_ Fx 
(105) 


69.8 
69.6 
66.5 
66.3 


J `O 
Ον (P ox 


TESTS 


E o 
(lbs. ) 
76.6 
69.0 
65.0 
68.9 

* 
+ 


0552 


MOX OX OR Ck OX o Ἂς 


Ἂς 


το) πο) 

πε ep ox ook x 
Q ο 
+ 


NO 
© 
Q 

ON 


90.6 


127.4 
To e 
τ.» 
90.0 
12,2 
21922 


δέ 


O KKN 


VO C32 
W -J x% 
o 

ο ἐ- 


E 
(Ber ) 


69.2 
63.9 
58.4 
66.5 


5 


Ia 


AX CK Ox X € OX ox Deo ck 


X 
κ 


— 
ANWR k X 


NN 


O `O 
ος ο 
DI 


P 
AD 
ON 
Ww 


125.2 
94.2 
90.9 

117.2 

124.1 


x 


X x 


00 Ο 
DW x x 
~ WM 


5 
(lbs. ) 


ess 1 
QU 9 
62.0 
63.0 
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ON 
€x Nom 
O 


3 


3k 


x kx X 


re ost x ox 


-.1 ON 


En x 
O O 


O `O 
* WA AD ὃς 
= ο 
NO 


à 
12 
11562 

93.6 
91.3 
125.8 
124.0 


XC OK X ox x 


e Moe 
NE ἃς 
ο 

QVO 


Average 


(1bs.) 


10.4 
66.8 
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ON 
六 小 
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Xx ox OQ x 
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TABLE XX (Cont'd) 


WN 


Sample Number 


oO 


T 2 4 Average 
(lbs) Ms As Ds) πιο (lbs. ) 
X c 


21 - Top Ply x $ x x x 
Bottom Ply s x 2 x x x 
22 = Top Ply fic Tu 67.3 69.2 76.0 TE 5 

Bottom Ply 68.8 68.7 68.6 68.5 68.5 68.6 
23 = Top Ply 1090 12836 11057 110,8 11446 Irae 
Bottom Ply 16985 126.6 129542 1295 1288 2 121008 
24, - Top Ply % + 3 3t % % 
Bottom Ply * + + κ * κ 
25 — Top Fly + % 3t % 3 x 
Bottom Ply * + 3 x x 党 
26 - Top Ply Oo op 60.1 2 Jp 62.3 60.3 59.9 
Bottom Ply 70.5 74.0 73.0 74.2 66.5 Ass 
27 = Top Ply 100.9 100.8 VOL 5 110. 10837 104.4 
Bottom Ply 11935 12259 108 Y 12/51 11038 1... 


* Fabric broke at other places than along the seam line. Thus, 
the assumption was made that the sample was undamaged by the sewing 
machine needle. 








TABLE XXI 


FILLINGWISE TENSILE STRENGTH AFTER FABRIC DAMACED 
BY SEWING MACHINE NEEDLE 





TEST 
Sample Number l 2 3 4 5 Average 
(166.) WB.) Gb.) (be) Ge) (lbs. ) 
l - Top Ply 59.9 57.0 59.8 28.7 59.1 58.9 
Bottom Ply 66.5 58.2? a 62.7 62.7 
2 - Top Ply 5150 PPM 23.4 548 550 52.6 
Bottom Ply 4.3 25.15 52.9 55.8 4803 51.3 
3 = Top Ply 6555 59.6 575,2 52.4 516 20. 2 
Bottom Ply Tod Gl. 0 De og 58.0 59.8 58.9 
4 = Top Ply 53.1 2.7 44.4 49.9 28:0 αυ. ο 
Bottom Ply 585 43.2 95.1 42.9 56.9 49.6 
5 = Tow Fly TES "BE. 78.6 85.0 91.6 80.0 
Bottom Ply 87,5 90.2 82.0 86.0 δρ 86.6 
6 - Top Ply Z2. 38.2 38.6 46.5 40.9 41.3 
Bottom Ply 2050 41.5 39.0 39.0 40.4 “ο... 
7 = Top Ply 4592 4301 48.6 44.4 44.5 Laer 
Bottom Ply 43.4 p 50。2 39,9 Lio 
Bottom Ply L494 46.5 47。6 34.0 EE 4300 
8 = Top Ply 1668 82.5 η deo 78.0 78,0 
Bottom Ply 70.9 66.4 ETa 64.9 69,0 66.7 
9 - Top Ply 18.3 8409 22 86.8 82.3 83.5 
Bottom Ply 76.6 TEE 79.8 το 15845 τος 
10 - Top Ply 5599 22.2 34.3 22.6 32.6 3322 
Bottom Ply 1 2020 B44 34.0 Alto Ll 
i] - Top Pily 36.9 39.0 37.8 zn o 39.9 38,9 
Bottom Ply DES 7.2 Do 35.0 355 36.3 
12 - Top Ply 28.6 26.0 25.9 26.9 20m Dene 
Bottom Ply 2559 23.9 227 25.3 20-1 24.6 
13 - Top Ply 49.1 2359 AES. p 42.0 40.8 
Bottom Ply ας % x x * x 
I2 - Top Ply 260 48.8 20:3 4508 49.4 4005 
Bottom Ply A8, 4 54。5 48.3 40.6 49.5 48.3 
15 = Top Ply 44.8 48.9 ο. 52.9 7 48.7 
Bottom Ply 49.2 225.6 46.9 4607 512 47.7 
l6 - Top Ply 853:2 80.9 E 89.9 6-57 84.7 
Bottom Ply 91.4 90.1 80.8 83.5 88.2 86.8 
17 - Top Ply 35.9 40.2 ο 3925 43.9 40.0 
Bottom Ply Ze 39.6 38.3 43:7 29055 39.7 
18 - Top Ply 51.4 52.6 52.2 58.0 50.0 52.8 
Bottom Ply LTO 45. 5 Zen, 2100 Led 46。3 
19 - Top Ply 83.3 81.5 82.6 76.3 88,2 Sa 
Bottom Ply 74.9 74.? πο ο Π.Ε 82.6 ne 





nm ] iif 
| ATO lit 
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TABLE XXI (Cont'd) 








Sample Number 1 pu n A a _ _2__ Average 
(los.)  (1bs.) (lbs.)  (1bs.)  (1bs.) (1bs.) 
20 - Top Ply 2404 25.6 20.6 Poe gemma 2 
Bottom Ply n 5 17.2 18,0 - 23.9 2020 
21 - Top Ply DN 82.6 84.2 99.6 99.7 90.1 
Bottom Ply 9/5 96.4 E. 97.6 85:53 93.4 
22> Ope Ly Leo 40.5 8 Zu 38.1 40.3 
Bottom Ply Χ κ * κ x + 
23 - Top Ply p 74.8 70,6 68.9 Te o 
Bottom Ply 70.2 2 69.9 75.9 77.5 το. 
24 - Top Ply 42.6 49.8 36.3 41.0 46.1 43.2 
Bottom Ply LO 5986 EL. 41.9 46.9 AlS 
25 - Top Ply 60.0 576 56.8 50,8 55ο 55.8 
Bottom Ply 60.3 SZ D. 7 62.9 Ολο 58.2 
26 - Top Ply 32.0 AUT 37.9 36.7 36.0 36.3 
Bottom Ply 3002 34.8 33.6 32.8 33.5 33.2 
27 - Top Ply Gano Mel 66.5 25.0 pom 66.6 
Zottom Ply 61.3 568 67 «Ὁ 58,9 62.7 61.3 


X Fabric broke at places other than along the seam line. Thus, 
the assumption was made that the sample was undamaged by the sewing 
machine needle. 
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TABLE XXII 


SEWING MACHINE DAMAGE 


Lse 


E ed cd OS ey i6 C7 010 rH S0 $0 C- O O Or 0 (QC OLSO eO e 00 ( 00 r1 
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οὐ A a 一 AN 


dd N MAIL E- 00 O* O rn Q(O 
rc c c 


Sample Number 
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TABLE XXIII 


STIFFNESS (BENDING MODULUS) WARPWISE 


TESTS 


Average 


5 
(in. ) 


Sample Number 


(Ging) 


(Mé) (5) (15%) 


(in.) 
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TABLE XXIII (Cont'd) 


Average 


Sample Number 


(ine) 


(in.) (Gi) πα 


(ime) 


(ame) 


ONO AO Tr Gua 10/90/50. ΟΝ. 


5 ο ο 


FANANNANANANNAAANA 


DANO OO Cae OA 
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ONAN 20 See a. αν 


o o © 


o QUQLQ(QL HI ο ο ὮΝ Ἡ σλανο ο 
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Food A CI ob od ode rS dE 
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O (X O 1r100 iid mc NS 
MPO QLQU QC £1 QU QU. QU e eA. 0 0 ο 
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E? Er En a es 
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TABLE XXIV 


STIFFNESS (BENDING LENGTH) FILLINGWISE 


TEST 


Average 


Sample Number 


(Gea) 


(imm) (393) (im). (1 


(ime) 


Eo NA O O O r ct tr © FE ος ayn ee E 
a RS ol chal aaa A ON ll A E LI OUO 


a A o O A N Ίο 
o ο o 9 9 


Qr el cie rU c OU EI re EQ OS e LUE ο "η ρα ο "το 


O Y “at o lt 500 SO Ec SO ed 60 QU IL COO NON E 


9 ο ο ο ο ο ο ο 


(N cd c1 cl c ο AAA NANA eet od ot lel ee cree ot ot οἱ 


O et CO 1 My a AAA NE ONO Nw Ot eer oo P7. 
wet NA 于 do ο ο οι Ἡ η οἳ οἳ 


NOMS FERIEN DO IA AA IS NTC DA IAS ES 
iW eS ONE A A al εἶ ον OY dN et ey ld er ner ett eet NN 


OTTO UN TOO UNICOS E O E NINO AO Os Es ES EEES ONO ON O tee 


ο e o » 


Ala rl A RN A A A ANNAN A cc 


l - Face Up 
Face Down 
2 - Face Up 
Face Down 
3 - Face Up 
Face Down 
4 - Face Up 
Face Dom 
5 - Face Up 
Face Dom 
6 - Face Up 
Face Down 
7 - Face Up 
Face Down 
8 - Face Up 
Face Down 
9 - Face Up 
Face Down 
10 - Face Up 
Face Dom 
11 - Face Up 
Face Dom 
12 - Face Up 
Face Dom 
13 - Face Up 
Face Down 
14 - Face Up 
Face Down 
15 = Face Up 
Face Down 
16 - Face Up 
Face Down 
17 - Face Up 
Face Down 
18 - Face Up 
Face Down 
19 - Face Up 
Face Down 
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TABLE XXIV (Cont'd) 


Average 
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TABLE XXV 


SINGLE END AND LOOP STRENGTH OF SEWING THREAD 


Single End 


24/4 Glazed 
24/4, Soft 


Loop Strength 


24/4 Soft 


24/4 Glazed 


οὐ SoLt 


Soft 
(185.9 
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(Mus) 
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TABLE XXV (Cont'd) 


aa ingle bad oono Loop Strength 
2 Soft D Glazed 24,7 AER 24.4 Glazed 


2/4/ Soft 24/4 Soft 


(1bs.) (lbs.) (lbs. ) (1bs.) 
Bad 409 5.5 6.0 
3.4 Svd jie 6.6 
3 233 5.9 687 
p. 0 DD 6.6 
136.0 205.2 Total 22348 267.9 


p.40 τ; Àverage 5.60 6.69 








Sample Number 


*Seams made of 24/4 ply soft thread, top and bottom, and thread 


mo 
(lbs. ) 


52.8 
62.9 
25.5 
58.6 
54.8 
64.3 
58,0 
60,5 
39:0 
56.0 


broke prior to fabric. 


TABLE XXVI 


SEWING THREAD LOAD” 


2 





(lbs. ) 


DOM 
Da 
48.4 
56.9 
ΕΤ 
66.9 
29.8 
24.2 
50.0 
5-5 


TEST 


Es. 
(1bs.) 


58.9 
58.4 
48.6 
41.5 
56.6 
59.8 
We 
60.5 
223.5 
60.9 


A 





(lbs. ) 


59.0 
62.4 
52.9 
9525 
50,0 
60.5 
66.6 
27.1 
567 
O25 


2 





(lbs. ) 


59.8 
67.2 
ΠΕ 
2150 
51.0 
25.0 
56.6 
21.5 
DN 
66.0 


Àverage 
(1bs.) 


57.2 
61.9 
20.4 
2393 
al 
61.3 
60.2 
58.0 
πε 
59.6 
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